Background: In higher income countries, work-related squatting and heavy lifting have been associated with increased arthritis risk. Here, we address the paucity of data regarding associations between arthritis and workrelated physical stressors in lower-and middle-income countries.
Background
In higher income countries, a greater prevalence of knee osteoarthritis has been associated with work-related stressors such as kneeling or squatting, heavy lifting, and climbing [1] [2] [3] , with similar findings for hip osteoarthritis [4, 5] . In contrast, very little is known about the relationship between physical work-related stressors and arthritis in lower-and middle-income countries (LMICs). This is despite occupational risk factors associated with osteoarthritis, such as repetitive trauma, knee bending or lifting heavy weights, being more prevalent in occupational groups such as farmers and unskilled workers [6] [7] [8] , and therefore may be more often experienced by workers in LMICs. There appears an inextricable link between occupation and education in higher income countries [9] [10] [11] , which may plausibly exist in LMICs with clear consequences for arthritis. For instance, poverty and lower educational attainment may predispose populations to manual labour tasks. Indeed, we have reported that higher arthritis prevalence was associated with lower educational attainment in over 44,000 residents from six LMICs enrolled in the World Health Organization (WHO) Study on global AGEing and adult health (SAGE) [12] . For those in LMICs, high arthritis prevalence may also worsen poverty by impacting on a person's ability to work and fulfil community roles. Taken together, the potential bi-directional relationship between poverty and arthritis presents a concerning situation for populations of LMICs.
The social gradient of obesity in higher income countries is well-documented [13] , however, the obesity epidemic is now a global concern, with the sharpest rise in prevalence observed in LMICs [13, 14] . The WHO reports that obesity paradoxically coexists with undernutrition in lower-income countries [14] . Given that obesity is a strong risk factor for the development of knee and hand osteoarthritis, likely through metabolic mechanisms [15] , it is also important to consider the relationship between overweight and obesity and arthritis, particularly osteoarthritis, in LMICs to inform arthritis prevention efforts. Much of the available data regarding obesity and arthritis come from higher income countries (or from studies with high representation from Caucasian populations), therefore, it is imperative that this knowledge gap be addressed for LMICs. In this context, it is important to understand whether specific physical work-related stressors are more likely associated with higher likelihood of arthritis diagnosis and worse symptomatology, and also if obesity, and social determinants, play a role in these associations.
The Job Exposure Matrix (JEM) provides an internationally comparable framework for evaluating major work-related physical stressors (encompassing heavy physical work, kneeling or squatting, heavy lifting, arm elevation, and awkward trunk exposure). Linking the JEM to population data from the SAGE cohort, this study aimed to investigate the association between specific physical job stressors and arthritis diagnosis and symptoms in LMICs, and to explore the role of obesity and social determinants.
Methods
Study population and design SAGE Wave 1 (2007-10) is a cross-sectional study involving nationally representative samples of persons aged ≥50 years and a smaller sample of adults aged 18-49 years: Wave 1 includes a total of 44,747 adults aged ≥18 years from China, Ghana, India, Mexico, Russian Federation and South Africa [16, 17] . The World Health Organization's Ethical Review Board provided ethics approvals. Written, informed consent was obtained from all participants.
This study adheres to the STROBE reporting guidelines [18] .
Arthritis status: Doctor-diagnosed and symptom-based Consistent with arthritis prevalence analyses for this cohort [12] , doctor-diagnosed arthritis (lifetime) was based on participant responses to the question; "Have you ever been diagnosed with/told by a health care professional you have arthritis (a disease of the joints; or by other names rheumatism or osteoarthritis)?" As a secondary endpoint, a symptom-based determination of arthritis (current: yes/no) was also employed, using an algorithm developed by the WHO SAGE study team [16] , to identify a pattern of symptoms that are indicative of having osteoarthritis, rather than symptoms most likely to indicate inflammatory arthritis. This algorithm is presented in Online Additional file 1: Table S1 .
Physical work-related stressors
The main occupation of each participant during the previous 12 months was self-reported to the SAGE field staff of each country. The International Standard Classification of Occupation (ISCO-88) provides a coding system for classifying occupations according to the dimensions of skill level and skill specialisation [19] [20] [21] . Skill level is a function of the range and complexity of the tasks involved. Skill specialisation reflects the type of knowledge applied, tools and equipment used, materials worked on (or with), and the nature of the goods and services produced [19] [20] [21] . Based on skill levels, the ISCO-88 [19] [20] [21] delineates the top aggregation level by categorising occupations into ten major (hierarchical) groups of 1 = legislators, senior officials and managers; 2 = professionals; 3 = technicians and associate professionals; 4 = clerks; 5 = service workers and shop and market sales workers; 6 = skilled agricultural and fishery workers; 7 = craft and related trade workers; 8 = plant and machine operators and assemblers; 9 = elementary occupations; 10 = armed forces. Further subdivision of these occupations (using a 4-6 digit code, rather than the single digit code described above that indicates the top aggregation level only) results in 390 unit groups based on skill-specialisation, representing the most detailed level of the ISCO-88 structure and incorporating thousands of detailed occupation descriptions [21] . At this level of delineation, specific occupational-related exposures are defined. Notably, 4-6 digit occupational data were collected for all countries with the exception of China and Mexico. Due to this reason, China and Mexico were excluded from this study, and from the initial 44,747 participants in the SAGE Wave 1, we were left with 21,514 individuals (49.2% female) from Ghana, India, Russian Federation and South Africa for inclusion in our current analyses.
Job exposure matrix (JEM)
The ISCO-88 code was also used to link SAGE participants with the JEM (physical exposure matrix only) developed by Solovieva et al. [21, 22] . For a given job or occupation title, exposure level was assigned based on the group-specific average of exposure. Performance of the JEM was evaluated in terms of accuracy, sensitivity, specificity and predictive ability, and scored relatively high [21] . The JEM identifies five work-related exposures of (i) heavy physical work, (ii) kneeling or squatting, (iii) heavy lifting, (iv) arm elevation, and (v) awkward trunk posture.
Body mass index
Recorded weights and heights of participants were used to calculate BMI (kg/m 2 ), which were then categorised as underweight (< 18.5 
Social determinants
Household income was self-reported and categorised into quintiles for analyses, whereby quintile 1 represented the lowest income and quintile 5 represented the highest. Participants were asked if they had ever been to school; for those that indicated 'yes' , they were also asked to identify the highest level of education completed. Education was categorised as (i) 'no formal schooling' , (ii) some primary school education but primary school not completed, (iii) primary school completed, (iv) secondary school or high school (or equivalent) completed, or (v) tertiary education completed, including college, pre-university, university, or post-graduate degree. Education levels were mapped to an international standard [24] . Self-reported marital status was categorised for analyses into three groups of: (i) never married, (ii) currently married or cohabiting, and (iii) separated/divorced or widowed. Region was defined as urban versus rural.
Statistical analyses
We used multivariable logistic regression models to investigate associations between each of the physical work-related stressors measured in the JEM and arthritis, measured by a doctor-diagnosis or symptoms; adjustments were made for age (10-year age groupings) and sex, with further adjustment for categories of BMI (underweight and normal BMI were combined due to small cell sizes), and simultaneous adjustments for educational attainment (none, some primary, primary completed, secondary completed, tertiary completed), household income level (quintiles), marital status (never married, married/cohabiting, separated/divorced/widowed), region (urban vs. rural), and country. In multivariable models, for each variable, with the exception of country, the categorical group with the lowest risk of arthritis was held as referent group (male; aged 30-39 years; BMI < 24.99; highest income quintile; highest level of educational attainment; never married; urban resident). All two-way interactions for significant risk factors/covariates with the physical work-related stressors were investigated through multivariate logistic regression models: whereby BMI, income and education were treated as ordinal variables, with increasing values relating to higher levels of these variables. The two-way interaction models contained main effects for all significant risk factors/covariates from step 1, and all two-way interactions of model factors with all of the physical work-related stressors that were measured. A backward elimination variable selection method (p-value entry = 0.1, and p-value exit = 0.05) was then implemented to examine the interaction effects. of household income levels, the greatest difference between the lowest compared to the highest income was in Russian Federation where the proportions were 14.9% vs. 27.7%. For each country, participants were more likely to be married or cohabiting compared to single or separated, divorced or widowed. Half of the participants from Ghana,~40% of participants from India and South Africa, and 1.5% from the Russian Federation had no formal schooling. Many of the participants from Ghana and India resided in rural areas (62 and 69%, respectively), compared to the minority of participants from Russian Federation and South Africa (17 and 28%, respectively). The numbers of study participants with and without arthritis according to exposure status for each of the five physical work-related stressors, stratified by country, are presented in Table 2 . Overall, the numbers of persons with doctor-diagnosed arthritis was 3778 (17.7%) and with symptom-based arthritis was 1185 (5.9%). Arthritis, using both definitions, was more prevalent among those with physical work-related stressors.
Results
Results for multivariable associations between physical work-related stressors and doctor-diagnosed or symptom-based arthritis are presented in Tables 3 and 4 , respectively. For doctor-diagnosed arthritis, heavy physical work was associated with a 12% increase in the adjusted odds of arthritis (AOR 1.12, 95%CI 1.01-1.23), kneeling or squatting with a 25% increase (AOR 1.25, 95%CI 1.12-1.38), awkward trunk posture with~20% increase (AOR 1.23, 95%CI 1.12-1.36), and arm elevation showed almost a 70% greater odds for arthritis (AOR 1.66, 95%CI 1.37-2.00): no significant association was observed for heavy lifting (p = 0.15). For symptom-based arthritis, kneeling or squatting and heavy lifting were each associated with an almost 30% increase in the adjusted odds of arthritis (AOR 1.27, 95%CI 1.08-1.50; AOR 1.33, 95%CI 1.11-1.58, respectively), whilst arm elevation more than doubled the odds of arthritis (AOR 2.16, 95%CI 1.63-2.86); neither heavy physical work nor awkward trunk posture was associated with arthritis (p = 0.53; p = 0.27, respectively). Factors consistently observed to be significant in the associations between work-related stressors and doctor-diagnosed or symptom-based arthritis were female sex, obesity (BMI ≥30 kg/m 2 ), lower income and educational attainment, and being married/cohabiting. Rurality status was only associated with kneeling or squatting, heavy lifting and arm elevation, and only for doctor-diagnosed arthritis.
Two-way interaction terms between sociodemographic characteristics and work-related stressors for doctor-diagnosed (lifetime) arthritis or symptom-based (current) arthritis are presented in Table 5 . The major findings for interaction terms related to social determinants and doctor-diagnosed arthritis are as follows. For the four stressors of heavy physical work, kneeling or squatting, heavy lifting, and awkward trunk posture, every one level increase in quintile of household income (higher income) showed > 10% additional increased odds for doctor-diagnosed arthritis. For heavy lifting, every one increase in the level of educational attainment increased the odds by 10%, whilst for arm elevation the odds of doctor-diagnosed arthritis was decreased by 20%. For symptom-based (current) arthritis, and for all physical stressors, every one level increase in category of educational attainment additionally increased the odds by between 40 and 55% (range: awkward trunk posture, to heavy physical work, respectively). Varying interaction terms were observed for BMI, depending on the definition of arthritis and physical stressor. No country-specific interaction terms were identified, indicating that no further country-specific models were required.
Discussion
In our study population from the LMICs of Ghana, India, Russian Federation and South Africa, four of the five work-related stressors were associated with increased odds of doctor-diagnosed arthritis (heavy physical work, kneeling or squatting, arm elevation, and awkward trunk posture), while three stressors increased the odds of symptom-defined arthritis (kneeling or squatting, heavy lifting, and arm elevation). Obesity, defined as a BMI of ≥30 kg/m 2 , was independently associated with doctor-diagnosed (lifetime) and symptom-based (current) arthritis, as were the social determinants of lower income and lower educational attainment. Being married/cohabiting was associated with doctor-diagnosed, but not symptom-based, arthritis. We observed that excess risk for arthritis, due to statistical two-way interactions, may exist for those with higher BMI, and that those with higher income are more likely to be diagnosed with arthritis, whilst those with higher education are more likely to report symptoms compared to those with lower education.
Musculoskeletal pain associated with arthritis poses a significant threat to exacerbating poverty in LMICs, as physical ability can be imperative to livelihoods and associations between arthritis and occupation has potential to worsen poverty for those affected. Common work-related exposures in LMICs include sustained squatting or kneeling over longer periods of time, carrying heavy loads for long distances, and climbing up and down steep terrain [25, 26] : occupations that are related to agricultural or cleaning tasks, or transporting food, water and/or building supplies, amongst others. Our findings show that heavy physical work was the most common physical job stressor in each LMIC, and that heavy lifting and kneeling/squatting were associated with increased odds of arthritis in our study population. Importantly, our study includes older persons from LMICs, and as such there is potential for a healthy worker selection; the implications of which are an underestimation of associations between occupational exposures and arthritis. Our data suggests that attention be directed toward addressing work-related kneeling or squatting and arm elevation (repetitive arm lifting movements, and/or sustained arm elevation) in LMICs to reduce arthritis burden. Minimization of occupational risk factors has already been underway for many years in high income countries; indeed, countries such as Denmark and Germany have acknowledged that knee osteoarthritis is an occupational disease [27] . Compounding this issue in LMICs, and despite advances in diagnosis and treatment of arthritis during the last few decades in higher income countries [28] , these advances have not impacted on LMICs, which are primarily resource-poor. In addition, there is a wide variation in occupational structures, conditions of work, quality of the work environment, and health status of workers in different regions of the world, and different sectors of economies [29] . In LMICs, there is a greater prevalence of small-scale industrial and agricultural enterprises, which are characterised by fewer resources, heavier workloads, and often necessitates longer hours working and therefore increased exposure to stressors [29] . Multifactorial interventions would be necessary, including screening for pre-existing musculoskeletal conditions, ergonomic modifications, adequate medical treatment, and, in the first instance, equitable access to healthcare for diagnosis and disease management. Indeed, greater access to formal education would increase the ability of populations from LMICs to access healthcare.
We speculate as to why some of the physical work-related stressors were associated with doctor-diagnosed arthritis but not symptom-related arthritis, and vice versa. These differences may be related to the time element that is inherent in the diagnosis of arthritis which encompasses the longer-term of 'ever' , whilst symptom-based refers to the more 'current' period of time. For instance, having already been diagnosed with arthritis is more likely to mean that symptoms have been present over a longer-term, and that some systemic damage to the skeletal system may be present. Self-reported doctor diagnosis of arthritis is more likely to identify inflammatory arthritis as well as osteoarthritis, thereby resulting in different observations in terms of work-related stressors. Individuals who answered 'yes' to the symptomatic arthritis question but not the diagnosis question may have less severe arthritis, in that they may not have sought medical care and thus received a diagnosis. In addition, long-term arthritis status may explain why four of the five work related stressors were associated with arthritis, given the potential of movements to aggravate an existing condition where joint damage may already be present, as opposed to only three of the stressors observed to be associated with current symptoms of a condition that may not be diagnosed and thus untreated. Notably, the three stressors associated with symptom-related arthritis were kneeling/ squatting, heavy lifting, and arm elevation, most of which have been previously reported as being associated with arthritis [2] . Furthermore, the prevalence of other non-communicable diseases in SAGE varies markedly when defined by self-reported diagnosis compared to standardized criteria, suggesting that, amongst the poorest of the poor, there is more likely to be under-diagnosis and under-reporting of non-communicable diseases [30, 31] . These differences may also plausibly be influenced by variations between countries in health literacy, access to care, and how health is understood. LMICs are no longer absent from discussions regarding the increasing prevalence of obesity; indeed, we observed that more than 70% of our study populations from Russian Federation and South Africa were in Classes 1 and 2 of the obese BMI categories. We acknowledge, however, that some of that proportion may plausibly be related to the greater weight, muscle or bone mass of these populations, rather than excess body fat. Whilst our study populations from Ghana and Indian were primarily in the normal BMI category, almost 25% of those from Ghana and 13% of those from India were represented in the overweight and obese BMI categories. A study that focused on the Ghana population from SAGE showed that BMI in the obese category increased the likelihood of arthritis (OR 1.65, 95%CI 1.14-2.39) [32] . Our data suggest that BMI of ≥30 kg/m 2 is independently associated with arthritis in all four countries investigated; however, and except for arm elevation, BMI did not explain the associations between work-related stressors and the likelihood of arthritis. The implications of these data are that weight management may be especially critical for workers that are exposed to repeated arm elevation movements, and indeed weight management should form an important component of primary and secondary arthritis prevention in LMICs, as for higher income countries.
Our investigations into statistical two-way interaction terms highlighted some interesting findings regarding associations between social determinants and arthritis. For each of the work-related stressors (with the exception of arm elevation), significant interaction terms suggested that individuals with higher income were more likely to report a doctor-diagnosis of arthritis. For many individuals and households in LMICs, there are inadequate financial resources to manage the cost of a chronic disease such as arthritis, with an impoverishing effect of paying for healthcare services out-of-pocket [33] . These significant interaction terms may be indicative of the increased likelihood for individuals with higher income to have the resources to access a doctor for a diagnosis. Indeed, a study of 4724 adults aged ≥50 years from Ghana [32] also reported that the prevalence of doctor-diagnosed arthritis was greater for those with the highest compared to the lowest income (16.1% vs 11.0%). Another issue that may influence a doctor-diagnosis is the geographical location: the availability of doctors is metro-centric, and likely related to the overall socioeconomic status of communities. For symptom-defined arthritis, and for each of the work-related stressors, consistently significant interaction terms suggested that individuals with higher education were more likely to have symptom-based arthritis. We speculate that higher educated persons may have higher expectations of their physical health, and/or are more apt to verbalise symptoms compared to less educated persons who may 'accept their lot'. Indeed, cultural variations in the way that pain is perceived, and linguistic variation in the way that pain is defined and classified, have been identified [25, 34, 35] .
It was promising that no country-specific interaction terms were identified; a result likely indicating that (i) our 'pooled across countries' models that adjusted for country may explain associations between exposures and risk factors and (lifetime) arthritis, and (ii) during the development of the JEM [21, 22] , any potential between-country differences in physical work-related stressors were addressed. Although the JEM was developed using Finnish population-based data, that we did not observe any country-specific two-way interactions between job stressors and arthritis also suggests that the use of the ISCO-88 introduces comparability and thus increases the potential for use of the JEM in other countries. Although the ISCO-88 is now succeeded by the ISCO-08, the International Labour Organization reported in 2010 that the principles and top structure of ISCO-88 correspond with the more recent ISCO-08 version [36] .
Our study has several strengths. The JEM is valid for physical exposure assessment in large-scale epidemiological assessments [21, 22] , and it has been reported to have relatively high specificity, with little compromise on sensitivity [21] . The SAGE study consists of a large, multi-national cohort, with nationally representative samples. Our sample size provided sufficient statistical power to detect even small effect sizes on interactions. SAGE data were collected using standardized survey instruments and methodologies thus ensuring consistency. The integrity of SAGE data is overseen by WHO, collaborating closely with leading institutions from each of the countries involved and with national health authorities [16] . Ours is the first study to link data from populations of LMICs to a JEM to investigate the role of physical work-related stressors on arthritis risk. The method of exposure assessment employed for the development of the JEM is less likely to be prone to recall bias and confers a degree of objectivity. The use of the JEM also limits the likelihood of recall bias regarding work-related exposure. Our study also has some limitations. Although the JEM was initially developed to identify high-risk occupations for lower back pain, the mechanical physical stressors included within the JEM are also appropriate for the investigation of osteoarthritis. However, we are unable to identify which joints were affected by arthritis. There is a possibility that non-differential misclassification of work-related stressors may lead to the attenuation of the observed associations toward null [21] . However, should there be greater physical work-related stressors in LMICs compared to Finland, for instance due to variation in work processes associated with specific jobs, this would result in our estimates being conservative and thus an underestimation of associations. Cumulative years in specific jobs would likely increase the risk of arthritis, as has been shown by others [37] , thus whilst cumulative data was not available, this would also result in an underestimation of associations. Data were not available regarding specific types of arthritis diseases; however, we investigated the symptom-based algorithm in order to identify symptoms most likely associated with osteoarthritis rather than inflammatory arthritis. This was important, as the physical stressors measured by the JEM are also more likely to be associated with osteoarthritis. Due to the nature of the data, we cannot analyse the time pressure and safety-related issues in each work place, not for each individual country or person. Such stressors in the workplace have been shown to biopsychosocial impacts which can alter pain modulation and sensation.
